Objective: To determine the role of serum procalcitonin levels in predicting ascites infection in hospitalized cirrhotic and non-cirrhotic patients. Methods: A total of 101 patients (mean age: 63.4±1.3, 66.3% were males) hospitalized due to cirrhosis (n=88) or malignancy related (n=13) ascites were included in this study. Spontaneous bacterial peritonitis (SBP, 19.8%), culture-negative SBP (38.6%), bacterascites (4.9%), sterile ascites (23.8%) and malign ascites (12.9%) groups were compared in terms of procalcitonin levels in predicting ascites infection. Receiver operating characteristic (ROC) curves were used to evaluate the diagnostic performance of procalcitonin levels and predicting outcome of procalcitonin levels was compared with C-reactive protein (CRP). Results: Culture positivity was determined in 26.7% of overall population. Serum procalcitonin levels were determined to be significantly higher in patients with positive bacterial culture in ascitic fluid compared to patients without culture positivity (median (min-max): 4.1 (0.2-36.4) vs. 0.4 (0.04-15.8), p<0.001). Using ROC analysis, a serum procalcitonin level of <0.61 ng/mL in SBP (area under curve (AUC): 0.981, CI 95%: 0.000-1.000, p<0.001), <0.225 ng/mL in culture-negative SBP (AUC: 0.743, CI 95%: 0.619-0.867, p<0.001), <0.42 ng/mL in SBP and culture-negative SBP patients (AUC: 0.824, CI 95%: 0.732-0.916, p<0.001), and <1.12 ng/mL in bacterascites (AUC: 0.837, CI 95%: 0.000-1.000, p=0.019) were determined to accurately rule out the diagnosis of bacterial peritonitis. Predictive power of serum procalcitonin levels in SBP + culture-negative SBP group (AUCs: 0.824 vs 0.622, p=0.004 , Fig 4) , culture-positive SBP (AUCs: 0.981 vs 0.777, p=0.006, Fig 5) and (although less powerfull) in culture-negative SBP (AUCs: 0.743 vs 0.543, p=0.02, Fig 6) were found significantly higher than CRP. Conclusion: According to our findings determination of serum procalcitonin levels seems to provide satisfactory diagnostic accuracy in differentiating bacterial infections in hospitalized patients with liver cirrhosis related ascites.
Introduction
Cirrhosis holds the first rank among the etiologic factors of ascites followed by malignancy, heart failure, tuberculosis, pancreatic disease, or other miscellaneous causes [1] . The development of ascites in cir-
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International Publisher rhosis indicates a poor prognosis with mortality of approximately 40% at 1 year and 50% at 2 years with increased risk for other complications of liver disease, including refractory ascites, SBP, hyponatremia, or hepatorenal syndrome (HRS) [1] .
Classified as spontaneous bacterial peritonitis (SBP) with polymorphnuclear (PMN) count >250 mm 3 and positive ascitic fluid culture without any evidence of external or intraabdominal source of infection [2] or malignancy [3] , culture-negative SBP with PMN >250 mm 3 and a negative ascitic fluid culture [4] , bacterascites with a positive ascitic fluid culture and an ascitic PMN count <250 cells/mm 3 [5] and steril ascites with PMN <250 mm 3 and a negative ascitic fluid culture [6] , ascitic fluid infections are considered serious complications in cirrhotic patients with a reported incidence of 8-30% [2] and high morbidity and mortality [7] .
Given that 1.5-3.5% of prevalence in outpatients [8, 9] while almost 10% in hospitalized patients [8] , a very high recurrence rate of up to 70% at 1 year [4] and in-hospital mortality that ranges from 20% to 40% [10, 11] and even to 78% [2] , early diagnosis of SBP along with prompt initiation of empiric antibiotic therapy have been considered crucial in overall patient's survival [7] .
Hence, a diagnostic paracentesis with an appropriate ascitic fluid analysis is considered essential in all patients admitted to hospital with ascites prior to any therapy regardless of whether or not there is clinical suspicion [3] to exclude causes of ascites other than cirrhosis and rule out SBP in cirrhosis [1] .
However, despite the use of sensitive methods, ascites culture has been negative in as many as 60% of patients with clinical manifestations suggestive of SBP and increased ascites neutrophil count [1] . In this regard, given that the crucial role of requiring prompt recognition and treatment, in all the available guidelines, diagnosis has been based on a fixed defined cut-off PMN count in the ascitic fluid with the greatest sensitivity is reached at a cut-off value of 250 PMN/mm 3 [3, 12] . Although the best specificity has been reported with a cut-off of 500 PMN/ mm 3 [13, 14] , the most sensitive cut-off value is used routinely since it is important not to miss a case of SBP [3] .
Nonetheless, in the emergency setting, performing ascitic fluid culture examination is time consuming and not always available [17] indicating the need for easy to apply, rapid and reliable markers to predict diagnosis in patients with ascites.
In this regard, based on significantly increased serum levels with the systemic response of the organism to the infection [15] , the propeptide of calcitonin with a long half-life of 25-30 h, procalcitonin [16, 17] , has been hailed as a novel index of inflammation marker of bacterial infection [15] . Being undetectable in the serum of healthy humans with values >0.5 ng/mL were considered abnormal [16, 17] , procalcitonin has been reported to be superior to C-reactive protein (CRP) in discriminating infectious from other inflammatory diseases such as acute pancreatitis [18] , cardiogenic shock [19] and acute transplant rejection [15, 20] .
Based on its rapid detection within 2 hours or as a recently available bedside test at moderate cost [15] , serum procalcitonin determination seems to add some advantages to the traditional cell count for the diagnosis of SBP, especially in the absence of another site of infection, via providing valuable information immediately by a non-invasive diagnostic test in patients [15] . Accordingly, initial interest in its use in SBP [15] was eventually dampened by another study a year later [21] with growing scientific interest in its role in prediction of ascitic fluid infection.
In relation to great risk attributable to infections of the ascitic fluid in patients with ascites [7] that requires appropriate diagnostic studies and prompts administration of therapy [22] , the present study was designed to determine the value role of serum procalcitonin levels in predicting ascitic fluid infection in hospitalized cirrhotic and non-cirrhotic patients.
Methods

Study population
A total of 143 patients hospitalized due to ascites with data on diagnostic abdominal paracentesis for ascitic fluid analysis and concomitant evaluation of serum procalcitonin levels were included in this study conducted in Department of Gastroenterology at Antalya Training and Research Hospital between January 2011 and July 2012. In this retrospective-cross sectional study for determination of the value role of serum procalcitonin levels in predicting ascites infection in cirrhotic and non-cirrhotic patients, 32 patients were excluded because of clinical infections diagnosed other than ascitic fluid infection. A total of 101 patients (mean age: 63.4±1.3, 66.3% were males) hospitalized due to cirrhosis related (n=88) or malignancy related (n=13) ascites were included in this study. The study was approved by the clinical research and Ethics Committee of Antalya Training and Research Hospital.
Paracentesis and culture techniques
Diagnostic paracentesis was carried out at the bedside using a sterile method with a 23-G needle attached to a 20-cc syringe after local anesthesia with lidocaine using a 17-G needle. Immediately after the paracentesis needle and attached syringe were with-drawn from the abdomen, the 'skin' needle was removed and replaced with a sterile needle to minimize the risk of skin flora growing in the cultures. Then, aspirated ascitic fluid was collected into ethylenediaminetetraacetic acid tubes and analyzed within 3 h of aspiration. Ascitic fluid was then centrifuged in the laboratory for 3 min and analyzed for total proteins and total and differential leukocyte counts. A smear was carried out and stained with Giemsa. Peritoneal fluid collected from patients was cultured via two methods. Initially, 20-mL peritoneal fluid was inoculated in aerobic blood culture bottles (bioMerieux, Durham, NC, USA), respectively. These bottles were then placed into an automated BacT/Alert 3D (bioMerieux) culture system. Bottle incubation and subsequent testing were carried out according to the manufacturer's protocol. The remaining sample was used in conventional culture methods (i.e. inoculating blood agar, MacConkey agar and thioglycollate broth). The conventional agar and broth media were incubated at 35°C for up to 3 days before being discarded as negative. Bacterial identification and antimicrobial susceptibility testing were carried out using standard procedures [23] .
Classification of patients according to ascitic fluid infection
The presence of ascitic fluid infection was determined based on white blood cell (WBC) / polymorphonuclear leukocyte (PMNL) counts and the culture positivity in ascitic fluids (AF). Accordingly patients were classified into four groups with respect to ascitic fluid infection including SBP (WBC count ≥ 500/mm 3 and PMNL >250/mm 3 in AF with a positive bacterial culture), culture-negative SBP (WBC count ≥ 500/mm 3 and PMNL >250/mm 3 in AF but the culture is negative), bacterascites (WBC count is < 500/mm 3 and PMNL <250/mm 3 in AF with a positive bacterial culture) and sterile ascites (WBC count is < 500/mm 3 and PMNL <250/mm 3 in AF and the culture is negative). Additionally patients with malign ascites without underlying chronic liver disease composed the fifth group.
Etiology of cirrhosis was recorded in cirrhotic patients with respect to HBV, HCV, alcoholic, cryptogenic and autoimmune cirrhosis. The severity of cirrhosis was classified on the basis of the Child-Pugh criteria [24] , while all of the cirrhotic patients were evaluated for the presence of hepatocellular carcinoma with ultrasonography and serum levels for AFP.
Assessments
Data on ascitic fluid analysis including WBC count (/mm 3 ), albumin, protein, glucose and lactate dehydrogenase (LDH) in ascitic fluid, blood biochemistry including serum levels of albumin, CRP and alpha-feto protein (AFP), sedimentation rate, serum-ascites albumin gradient (SAAG) and serum procalcitonin levels (ng/mL) were obtained from each patient's medical record.
Procalcitonin level of serum samples which were taken at the same time with the ascite samples were measured via Cobas immunoassay analyser (Roche Diagnostics, Mannheim, Germany) using electrochemiluminescence immunoassay (ECLIA) method (Brahms Diagnostica, Berlin, Germany) with the detection limit of 0.5 ng/mL and the coefficient of variability of 8%.
SBP, culture-negative SBP, combination group (SBP + culture-negative SBP), bacterascites, sterile and malign ascites groups were compared in terms of procalcitonin levels to determine the value role of procalcitonin levels in predicting ascitic fluid infection. Cut-off values for procalcitonin levels (ng/mL) ruling out the diagnosis of bacteremia were calculated in each group. Receiver operating characteristics (ROC) curves were plotted for procalcitonin levels for combination group, SBP and culture-negative SBP with CRP to evaluate their abilities to identify ascitic fluid infection in study population. Predicting outcomes of procalcitonin levels were compared with CRP by comparing their area under the curve (AUC).
Statistical analysis
Mann-Whitney U test was used for comparison of quantitative variables with non-normal distribution and performed using computer software (SPSS version 13.0, SPSS Inc. Chicago, IL, USA). ROC curves and decision plots were used to choose significant parameters and determine optimum cut-off values by maximizing sensitivity and specificity. Data are expressed as n (%), mean ± standard error of mean (SEM), median (minimum-maximum) or area under the curve (AUC, 95% confidence interval (CI)), where appropriate. p<0.05 was considered statistically significant.
Results
Patient demographics and classification according to classification of ascites
Of 101 patients (age: 63.4±1.3, 66.3% were males) hospitalized with ascites, cirrhosis was the underlying reason in 88 (87.1%) patients including SBP (19.8%), culture-negative SBP (38.6%), bacterascites (4.9%) and sterile ascites (23.8%), while the ascites was due to malignancy in 13 (12.9%) patients. HBV related cirrhosis (26.7%); HCV related cirrhosis (21.8%) and alcoholic cirrhosis (19.8%) were the most common cirrhosis types (Table 1) .
Ascitic fluid analysis
Ascitic fluid analysis revealed WBC count (cell/mm3) of 6035 ± 1738.4 in SBP, 2041 ± 450.4 in culture-negative SBP, 368 ± 43.1 in bacterascites, 243 ± 23.8 in sterile ascites while 2685 ± 417.0 in malign ascites (Table 1) .
Serum-ascites albumin gradient was 1.6 ± 0.1 in culture-positive SBP and culture-negative SBP, 1.7 ± 0.1 in bacterascites and sterile ascites while 1.0 ± 0.1 in malign ascites (Table 1) .
Determined in all of the patients with SBP and bacterascites and 15.4% of patients with malign ascites, culture positivity was determined in 26.7% of overall population (Table 1 ). In our culture positive patients (n=27), ESBL positive E. Coli was responsible microorganism in 10 (37.0%) patients, coagulase negative staphylococci in 6 patients (22.2%), enterococci in 3 patients (11.1%) while ESBL negative E.coli in 2 patients (7.4%).
Procalcitonin levels with respect to classification of ascites
Serum procalcitonin levels were determined to be significantly higher in patients with positive bacterial culture in ascitic fluid compared to patients without culture positivity 3 (0.1-3.7) ). Procalcitonin levels in malign ascites (0.4 (0.02-1.12), p=0.513) was similar to sterile ascites while significantly lower than SBP (p<0.001, Table 2 ). 
Cut-off values for procalcitonin with respect to classification of ascites
For SBP group, the cut-off value for procalcitonin was 0.61 ng/mL with sensitivity 100%, specificity 92%. A serum procalcitonin level of <0.61 ng/mL (AUC: 0.981, CI 95%: 0.000-1.000, p<0.001) was determined to accurately rule out the diagnosis of bacterial infection (Fig 1) .
For culture-negative SBP group, the cut-off value for procalcitonin was 0.225 ng/mL with sensitivity 82%, specificity 50%. A serum procalcitonin level of <0.225 ng/mL (AUC: 0.743, CI 95%: 0.619-0.867, p<0.001) was determined to accurately rule out the diagnosis of bacterial infection (Fig 2) .
For bacterascites group, the cut-off value for procalcitonin was 1.12 ng/mL with sensitivity 80%, specificity 96%. A serum procalcitonin level of <1.12 ng/mL (AUC: 0.837, CI 95%: 0.000-1.000, p=0.019) was determined to accurately rule out the diagnosis of bacterial infection (Fig 3) .
For combination group, the cut-off value for procalcitonin was 0.42 ng/ml with sensitivity 78%, specificity 75%. A serum procalcitonin level of <0.42 ng/mL (AUC: 0.824, CI 95%: 0.732-0.916, p<0.001) was determined to accurately rule out the diagnosis of bacterial infection.
Comparison of procalcitonin with CRP with respect to classification of ascites
To evaluate performance measures of procalcitonin levels in predicting bacterial infections, AUCs of procalcitonin levels and CRP were compared in combination group, SBP and culture-negative SBP groups. From the results of ROC analysis, AUCs of procalcitonin levels in combination group (0.824 vs 0.622, p=0.004, Fig 4) , SBP (0.981 vs 0.777, p=0.006, Fig 5) and culture-negative SBP (0.743 vs 0.543, p=0.02, Fig 6) were found significantly larger than CRP. 
Discussion
Owing to frequent hospitalization requiring extremely complex and labor-intensive care as well as appreciable morbidity and mortality associated with SBP, there should always be a high index of suspicion for it while selecting the appropriate diagnostic studies and prompt administration of therapy are the mainstay of successful management [22] .
Compatible with their ability to translocate into mesenteric lymph nodes; Escherichia coli, Klebsiella pneumoniae and other Enterobacteriaceae have been reported as the species most frequently cause SBP via bacterial translocation [3] . Accordingly, in our culture positive patients (n=27), while more compatible with the community-acquired infections rather than nosocomial infections with the predominance of Gram negative over Gram positive bacteria [25] , ESBL positive E. Coli was the most commonly cultured microorganism (37.0%) followed by coagulase negative staphylococci (22.2%), enterococci (11.1%) and ESBL negative E.coli (7.4%).
Studies on the incidence of ascitic fluid infection in cirrhosis revealed highly varying results reported to be 27.7% [26] in one study while, ranged from 50-71% in others [27, 28] .
Accordingly, in contrast to other markers found to be indicative of SBP including ascitic pH, lactate dehydrogenase, lactate none of which was considered sufficiently predictive or discriminative with possible risk of increase also in malignancy-related ascites [3] , serum procalcitonin levels seem to be significant predictor of SBP with high sensitivity and sensitivity as well as of culture-negative SBP and bacterascites in our study population with an increase obtained in procalcitonin levels specific to cirrhosis related but not to malignancy related ascites.
The production of procalcitonin, unlike that of CRP, was reported to be elevated only in response to bacterial infection but not to noninfectious inflammation or nonbacterial infection [29] . Accordingly, our results have shown that procalcitonin was significantly increased in serum of patients with cirrhosis related ascites but most markedly in culture-positive SBP with a high sensitivity and specificity for a cut off value of 0.61. Additionally, our results have shown that procalcitonin was better than CRP in predicting ascetic fluid infection in cirrhotic patients (p< 0.004). Similarly, in a past study by Viallon et al. serum levels of procalcitonin was reported to be one of the best markers for the diagnosis of SBP, with a cut-off value of 0.75 ng/ml, sensitivity of 95 % and specificity of 98 % [15] .
In our cirrhotic patients, the area under the ROC curve for procalcitonin in predicting culture-positive SBP (0.981), culture-negative SBP (0.743) and bacterascites (0.837) are in accordance with the diagnostic capacity of procalcitonin reported in the cirrhotic population (AUC: 0.68-0.89) [30] . Given that the cut-off value proposed for procalcitonin in cirrhosis is identical to that used in the general population (0.5 ng/ml) [30] , cut-off values for procalcitonin in cirrhotic patients with culture-positive SBP (0.61 ng/mL), culture-negative SBP (0.225 ng/mL) and bacterascites (1.12 ng/mL) in our study population seem to indicate the predictive value of higher procalcitonin values in case of ascites infection with culture positivity in the cirrhotic population. Since the subdivision of culture positive and culture negative SBP is of limited interest in clinical practice, as the diagnosis of ascetic fluid infection is based on a neutrophil count > 250/mm3 [1] we combined culture-positive SBP and culture-negative SBP subgroups and as a result we have shown that serum procalcitonin was significantly increased in patients with in total SBP compared to sterile ascites with a high sensitivity (0.780) and specificity (0.750) for a AUC value of 0.824 which was better than CRP (AUC: 0.622, p< 0.004).
In terms of the value of procalcitonin in predicting infection, studies conducted in cirrhotic patients with bacterial peritonitis yielded conflicting results. Viallon et al. [15] compared 21 patients with bacterial peritonitis and 40 patients with sterile ascitic fluid and concluded that serum procalcitonin levels may be useful as a marker for the diagnosis of bacterial peritonitis in patients with cirrhosis. Spahr et al. [21] concluded, on the basis of their findings in a series of 10 patients with bacterial peritonitis and 10 with sterile ascites, that procalcitonin levels are inaccurate in these patients. While Bota et al. [31] reported that procalcitonin performed equally well for different types of infection in patients with and without cirrhosis in a study conducted with 864 patients, 79 (9%) of whom had hepatic cirrhosis.
In our study population in cirrhotic patients, alike to findings of Viallon et al. [15] but opposing the study by Spahr et al. [21] procalcitonin levels were significant in identifying ascitic fluid culture positivity (p<0.001) compared to negativity while SBP (p<0.001), culture-negative SBP (p=0.001) and bacterascites (p=0.019) compared to sterile ascites. Besides, in contrast to findings of Bota et al. [31] , procalcitonin levels were not significant in identifying infection in non-cirrhotic patients with malignant ascites despite mean ascitic fluid WBC count of 2685(417.0)/mm 3 and positive culture in 15.4% of patients in this group.
Given that clinical judgment does not rule out SBP and thus a diagnostic paracentesis should be performed in all patients with cirrhosis and ascites at hospital admission and/or in case of gastrointestinal bleeding, shock signs of inflammation, worsening of liver/renal function or hepatic encephalopathy [3] , rapid detection and identification of bacteria in the ascitic fluid is the key to improve the survival of cirrhotic patients with ascitic fluid infection [7] . In this regard, based on easy to apply, rapid and cost-effective features, determination of serum procalcitonin levels seems to play an increasingly important role in the rapid detection and identification of cirrhosis related ascitic fluid infection, SBP in particular, for prompt initiation of appropriate therapy that might be helpful increasing overall survival of patients at high risk of SBP development [7] .
In conclusion, according to our findings determination of serum procalcitonin levels seems to provide satisfactory diagnostic accuracy in differentiating bacterial infections in hospitalized patients with all-cause liver cirrhosis while not in non-cirrhotic malignancy related ascites with suggestion of a cut-off value of 0.61 for culture-positive SBP, 0.225 ng/mL for culture-negative SBP, 1.12 ng/mL for bacterascites and 0.42 ng/mL for patients who have either culture-positive SBP or culture-negative SBP (combination group) for clinical use. Given that performing ascitic fluid culture examination is time consuming and not always available in the emergency setting, high procalcitonin levels should be considered in combination with high PMNL in the differential diagnosis of patients with ascites. Further large-scale studies are needed to confirm the predictive role of serum procalcitonin levels in cirrhotic and non-cirrhotic in addition to identify more specific markers to predict diagnosis as well as prognosis in patients with ascites.
